If the use of EVs (Electric Vehicles, including plug-in hybrid electric vehicles) and renewable energy increases on a large scale, it will be possible to control the fluctuation in the supply of renewable energies using the storage batteries of EVs. In this study, we attempted to estimate the potential charge load of EVs on the basis of data on different parameters for Japanese passenger cars; the data were obtained from sources such as the road traffic census. Further, the stored electricity consumed per hour by EV batteries was estimated. The EV batteries can handle the fluctuation in the photovoltaic (PV) generation while charging the batteries.
. Parameters used for estimation Japanese passenger vehicles are EVs.
The estimated results indicate the following: Most of the electricity is consumed by the EVs that travel 0 to 60 km per day. The estimated hourly charge load curves vary considerably with time. If the EVs are charged during the night, the charge requirement by the EV batteries will reach a value of tens of GWh by noon. These estimated charge demands are sufficient for the EV batteries to handle the fluctuations in the supplied PV energy. Akitoshi Fujisawa Non-member (Kobe Steel, Ltd.) Shinichi Miura Non-member (Kobe Steel, Ltd.) Keywords: polymer electrolyte fuel cell (PEFC), load-following capability, transient response, metal hydride (MH) This paper describes the electrical response in load change concerning a fuel cell system fueled by high-purity hydrogen. The purpose of this study is to use the fuel cell system to compensate electrical output produced by a photovoltaic system as a renewable energy. As an alternative method of normal secondary battery, the fuel cell system, which is able to continuously generate power as long as fuel is supplied, is expected to provide power with high reliability and stability. Figure 1 shows the block diagram of the experimental equipment. To evaluate the load-following capability of a polymer electrolyte fuel cell (PEFC) system, the equipment was constructed with 200 W PEFC stack (contains 20 of 200 cm 2 cells) witch was supplied with hydrogen from a compressed hydrogen cylinder and a metal hydride canister.
We measured the transient phenomenon of output current and cell voltage under the conditions described in Table 1. Figures 2 and 3 show transient responses when the PEFC stack was inputted the step-up current load that varied in the range of 0∼100 mA/cm 2 . These currents respond at a time constant of 6.6∼11.6 µsec. And these cell voltages gradually decrease along with current-voltage characteristic. In case of using MH canister, transient responses show the same tendency with using the compressed hydrogen cylinder.
As a result, we have found that the PEFC system with both hydrogen supply sources is able to response at a time constant of 6.6∼11.6 µsec under enough oxygen supply and a load below the PEFC rated power. In recent years, the amount of distributed generation (DG) such as photovoltaic (PV) system and wind power generator system connected to a distribution system has been increasing because of reduction of the effects on the environment. In the distribution system, it is necessary to keep supply reliability and power quality. However, the harmonic troubles in the distribution system are apprehended in the background of the increase of connection of DGs through the inverters and the spread of power electronics equipment. So far, the authors had studied the influence which the harmonics generated from DGs has on the harmonics of distribution network and had studied the restraint method of harmonics in the distribution network by the optimal allocation of active filters (AF).
In this paper, the authors propose a restraint method of voltage total harmonic distortion (THD) in a whole distribution network by AF operation of plural power conditioner systems (PCS). Moreover, the authors propose a determination method of the optimal gain of AF operation so as to minimize the maximum value of voltage THD in the distribution network by the real-time feedback control with measured data from the information technology (IT) switches installed in the distribution line. In the proposed method, the harmonic voltages in the distribution network are controlled by using PCSs effectively as AFs, and then, the voltage THD are suppressed in the whole distribution network. Figure 1 shows the conceptual diagram of proposed method.
In order to verify the validity of the restraint method of voltage THD using measurement data form IT switches, the numerical calculations are carried out by using an analytical model of distribution network interconnected PVs with PCS (see Fig. 2 ). Since there is possibility that the suppression of harmonic voltage in a certain point has a bad influence on the other point and the other feeders when the harmonic voltage is controlled with AF operation of PCS at the certain point, it analyzes about the AF operation in consideration of the influence on the other feeders by exchanging the voltage information of IT switches between each feeder. And it is verified whether the suppressive effect of voltage harmonic distortion is obtained in the whole distribution network. A part of the numerical simulation results is shown in Fig. 3 . Keywords: load frequency control, rate limit, solar PV generator, energy capacity limit, equivalent transfer function
Introduction
A large amount of solar photovoltaic generation (PV) may be installed to future power systems. This installation may affect the load frequency control (LFC) of power systems because output of PV changes depending on weather conditions. Thus LFC is an important issue in future power systems. To compensate fluctuation of PV, additional LFC resources are to be installed. At this time, a sophisticated methodology to optimize a number of resources can be a key issue. In this paper, the relationship between the amount of resources and frequency fluctuation is modeled and then a methodology to coordinate a number of LFC resources based on the relationship is proposed. The proposed methodology is demonstrated using a simple power system model.
Equivalent Transfer Functions of Limiters
Constraints of LFC resources having roots in its amount can be represented by rate, simple, and/or energy limiters. The limiters are modeled by equivalent transfer functions (ETFs) in the study. It is clarified that rate limiter has similar characteristics as first order lag element, and energy limiter as first order lead element. Next the limiters are modeled by ETFs with brown noise as input. The concept of coefficient of necessary facility (CoNF) is introduced to characterize the limiters as follows.
In the above definition, D 0 and D are the limits before and after changing the applied frequency band respectively, and f 0 and f the upper/lower bound of the frequency band before and after the changing the frequency band. CoNF can be defined for the variations in limiter type, noise type, and discrimination whether upper or lower bound of the frequency band. It is numerically shown that, by maintaining pre-identified value of CoNF under changing the frequency band and limit D, ETF of the limiter will be maintained appropriately.
Controlling the Contribution of Each LFC Resource
Numerical examples are performed to demonstrate controlling the contribution of each LFC resource. The power system model employed is composed of system inertia, a load characteristic, a speed governor, a thermal unit, and a PI-type LFC. It is assumed that a large amount of PV, a battery with a high pass filter (HPF), and an additional capacity of thermal unit (ACTU) are introduced. It is expected that contributions of two newly introduced resources are replaced each other at cutoff frequency ( f c ) of HPF. That is, ACTU regulates fluctuations with frequency band lower than f c , and battery with frequency band higher than f c . In addition, contribution Keywords: closed void, partial discharge, paschen curve, low vacuum region High reliability is needed over a long period of the time for electric power equipment. In addition to reliability, their downsizing is achieved by the advance of the high electric field. Gas insulated switchgears are composed of epoxy resin insulators and others. Epoxy resin insulators are applied to electric power equipment widely for both electrical and mechanical excellent. An epoxy resin is thermosetting, and shrinks by several percent of its original size with the heat. An epoxy resin insulator is manufactured through the process that an epoxy resin is poured and molded in a metal mold under the low vacuum. At this time, when abnormal shrinkage occurs in an epoxy resin insulator, some closed voids may be involved in it. In a factory, Partial discharge (hereafter cited as PD) measurement and AC withstand voltage test is applied to detect some voids in the epoxy resin insulator. However, right after the epoxy resin insulator is manufactured, the pressure in the void is low vacuum. After it is hold in the atmosphere, the pressure in the void increases from the low pressure to the high because of the air penetration through the epoxy resin. The pressure in the void affects PD initiation voltage therefore it is possible to fail detection for voids. These may cause a breakdown under operation. The PD Initiation voltage in the gas correlates the product of the pressure and the gap length (i.e., pressure spacing product). Well known Paschen's law testifies this phenomenon. The relationship between the PD initiation voltage and the pressure spacing product is described by Paschen curve. In the left region of Fig. 2 , Paschen minimum, PD initiation voltage gradually declines. If the pressure of the void in the epoxy resin insulator is low vacuum such like about 100Pa, there is fear that PD does not occur at the screening test. Afterward, it is predicted that PD occurs in the epoxy resin insulator under operation. Therefore, it is important that the correlation between the PD initiation voltage and the pressure in the void is quantified for high reliability of the electric power equipment. In addition to this, it is necessary to Fig. 1 . Sample configuration (sample) consider the appropriate period of the screening test. A considerable number of studies have been made on Paschen curve regarding several gases within parallel-plane metallic electrodes. But the consideration of this characteristic regarding the void in the epoxy region has never been examined. Therefore, authors of this paper studied the partial discharge property of the closed void under the variable vacuum level using the sample (see Fig. 1.) . The following results are obtained:
( 1 ) The minimum PD initiation voltage on the sample is about 0.35 kV (see Fig. 2 .). This value equals traditional knowledge. It follows from what has been said that the period of the screening test application in a factory can be determined using this result. Keywords: lightning to the ground, lightning to structures, collection area, electro-geometric model
Introduction
When we examine the lightning frequency and the lightning shielding effect by EGM (electro-geometric model), we need the current distribution of all lightning to the ground. The lightning current distribution to structures is different from this distribution, but it has been used in EGM conventionally. We assumed lightning striking distance coefficient related to height of structures for getting the result which corresponds to observed lightning frequency to structures, and estimated the current distribution of all lightning to the ground from data listed in IEC 62305 series by EGM.
Examination of Lightning Stroke by EGM
EGM is the method that can examine not only the lightning frequency to structures but the change of the lightning current distribution due to other adjacent structures. The evaluated lightning frequency N D [/year] to structures can be calculated by following equations.
where N D is the ground flash density [/km 2 /year]; A D is the collection area for flashes to the structure [km 2 ]; A is the collection area in lightning current I [km 2 ]; ΔP g is the sporadic rate of a subdivided current domain of all lightning to the ground.
Estimation of the Lightning Current Distribution of All Lightning to the Ground
The relationship between ΔP g and the sporadic rate of a subdivided current domain of lightning to structures ΔP s is represented as following equations.
We examined the lightning current distribution to the ground by following equations and the data shown in Table 1 in consideration of observed lightning frequency to structures.
where r s is the lightning striking distance [m] ; I is the lightning current peak value [kA]; K is the lightning striking distance coefficient; Table 1 . Distribution of lightning current from IEC 62305-1 Table 2 . Estimated distribution of lightning current to the ground by K t equal to 0.02H + 1.1 Fig. 1 . Estimated distributions adjusted by detection efficiency of LLS suffix "s" and "g" show structures and the ground respectively. One of the obtained results is an assumption of lightning striking distance coefficient K t related to the height H [m] of structures, shown in Eq. (6), and this coefficient gives a result which corresponds to the lightning frequency to structures by the report of Eriksson. The other result is a lightning current distribution to the ground demanded using the assumed coefficient, shown in Table 2 . Assumed coefficient is considerably greater than conventionally used value, but the amplitude of the coefficient has little influence on estimation of lightning current distributions.
Comparison with Observed Current Distribution by LLS
We compared the estimated lightning current distribution with the observed lightning current distribution by LLS. The estimated distribution adjusted by detection efficiency of LLS almost corresponded to the observed distribution by LLS, as shown in Fig. 1 Accidents of wind turbines by lightning in winter in the coastal area of the Sea of Japan have been a serious problem. It is inferred that frequent occurrence of upward lightning from wind turbines in this area is the cause of the problem. Occurrence of upward lightning turned out to be related to temperature distribution in high altitude. This result agrees to the observation that lower charge centers of thunderclouds in winter lie around the height of −10 degrees irrespective of the polarity of lightning discharges.
From data of a lightning location system (LLS), aerological data observed by JMA (Japan Meteorological Agency), and data of lightning current directly observed at wind turbines, it is revealed that the temperature distribution of air in the high altitude is strongly related to the incidence of lightning hits to wind turbines in winter, irrespective of the lightning activity on that day. Figure 1 shows relationship of lightning activity of a day and height of the −10 degree layer depending on the occurrence of lightning hits to wind turbines in winter. Lightning activity is defined by the number of lightning discharges per 24 hours observed by LLS in 300 km radius around Akita or Wajima, both are on the coast of the Sea of Japan. On the days wind turbines were hit by lightning, the height of −10 degree layer were mostly lower than 2000 m regardless of the lightning activity.
Lightning around the coastal area of the Sea of Japan in winter may be divided into two types, namely storm type and inactive type depending on the number of lightning discharges in a day. Storm type is associated with passage of fronts or low pressure systems, Fig. 1 . −10
• degree height and number of lightning discharges in 150 km radius around Akita or Wajima from November to March observed by JLDN (2008 JLDN ( -2010 which occur only a few times per winter. Inactive type occurs rather frequently on the coastal area of the Sea of Japan.
Electrical characteristics of each type of lightning are compared in two regions on the coast of the Sea of Japan as shown in Figs. 2 and 3. In both areas, probability of occurrence of highcurrent lighting ground strokes is higher for the inactive type lightning than for storm type. The ratio of positive lightning is also higher for inactive type lightning. Thus the existence of difference in the lightning characteristics of the two types is obvious.
The risk of occurrence of lightning damages at tall structures in winter cannot be disregarded at inactive type of lightning. There is difficulty in short-term warning against inactive type lightning, only by the use of LLS data. It will be effective to add the information of temperature distribution in high altitude for this purpose. In recent years, frequent damages of wind turbines by winter lightning discharges have been reported at the coast of the Sea of Japan. Most of the damages are probably caused by upward lightning strokes. Besides, hot spots, where many lightning strokes concentrate, are frequently observed by LLS (Lightning Location System) at wind turbines in winter. Fig. 1 shows an example of a hot spot at wind turbines. Concentration of lightning strokes exists only around wind turbines. Such concentration is not observed in summer.
In this paper, a relation between lightning stroke density around wind turbines observed by LLS in winter and conditions of wind turbines is surveyed. Data from LLS named JLDN (Japanese Lightning Detection Network) have been analyzed. This system is operated by Franklin Japan Co.
For analyzing frequency of occurrence of upward lightning, the increase rate of upward lightning (l i ) is defined in formula (1)∼(4). N h indicates number of strokes observed in hot spot area shown in Fig. 1, N a shows that observed in surrounding area. Hot spot area is 3 km square, and surrounding area is 9 km square around the wind turbines. N b is estimated number of lightning strokes in a hot spot Sixteen wind turbines or wind farms were selected for investigation of relation between parameters of wind turbines and l i . These selected points have high N b , namely exceeding 4.6, for decreasing of statistical error.
Height of a wind turbine (H f ), latitude and above sea level of the place were selected as the parameters of a wind turbine, and an experimental formula shown in formula (5) was derived. l ei is an estimated increase rate of upward lightning strokes. Figure 2 shows a relationship between estimated and observed increase rates of upward lightning strokes. Correlation coefficient between l i and l ei is 0.91, without the upper right point in Fig. 2 , correlation coefficient is still 0.82. Thus, these values can be regarded as a clear correlation, that is, formula (5) is sufficiently reliable. Furthermore, at two isolated wind turbines, detection efficiencies of upward lightning strokes by LLS were analyzed by using current data observed by Rogowski coils, and are useful to estimate number of actual strokes from data observed by LLS.
Consequently, number of upward lightning strokes can be estimated before construction of wind turbines by using lightning stroke density, detection efficiency, latitude, altitude and height of wind turbines.
